INTRODUCTION
It has been said that the full Navier-Stokes equations represent the ultimate ma thematical model upon which to base numerical algorithms for predicting flows of practical significance. However, even with the advent of the so-called veavor computers with vast virtual memory and quadrupled processing speeds, extant'-numarical and computational difficulties are sufficient to merit a search for simpler mathematical mo4els and less complicated numerical methods which can still provide useful solutions to problems of interest, 'Thus, considerable analysis and numerical experiment has been devoted to the exploitation of parabolized marching methods for flow prediction. References I, to 7 1epresent a perhaps typical but by no means exhaustive sampling of the available literature on this subject.
The parabolized marching methods are somewhat more general in appliesti.on than the classical boundary-layer approach, since transverse pressure gradients are not disregarded and, in some Gases, upstream influences can be transmitted through the pressure field, However, the basic assumption that streamwise visGouv, diffusion cats be neglected restricts application to flows with a Primary flow direction, limited upstream influence., and which may exhibit, at worst, arossplane recirculation. Unfortunately, in subsonic and transonic wind-tunnel, flows_, the elliptic upstream influence can be a aig" nifitant .factor in the flow dynamics; hence, interest arises in simpler
Mathematical modals which parmit this interaction. A case in point has been the development of Dodge's velocity splitting method, which allows global propagation of influence through the pressure field and which has met with I 2 i successes in both unconfined compressible and confined compressible flows (refs. [7] [8] [9] [10] . However, the method is not yet fully proven.
In this paper we shall be concerned with the application of a. compres- procedure may be considered expensive, the presence of quadratic as well as higher order nonlinearities in the parabolized momentum equations requires that some iteration be employed to improve accuracy. As an extra benefit, the wide-ranging stability of the resulting marching equations appears well worth the cost.
Finally, the peak efficiency of the methods developed is undoubtably, best realized on the computer system for which it is has been designed, 
PARABOLIZED GOVERNING 'EQUATIONS
The nondimensional Navier-Stokes equations for compressible steady flow with which we shall be concerned are presented 'below.
Continuity:
Here, fror flow it% ducts with non ondnct ,n.g wa,lls 9 the vaua;l -energy equation has been replaced by the algebraic constant total temperature relation (eq. 
For subsonic flow the governing equations are elliptic. However, a common approximation used to parabolize these equations (refs. 1,2) is obtained by neglecting streamwise diffusion terms in equation (2) . With the exception of the entry region, the approximation is considered valid for flow in channels whose lengths are large compared to half--width (ref.
2).
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Perhaps it should be remarked that when Dodge's method is applied in obtaining numerical solutions of these equations the approximation is only a partial parabolization, since the pressure field is obtained from an elliptic boundary value problem. This, of course, allows global propagation of disturbances, through the pressure field and the iteration process. 
o However, density is decomposed as t'ne sum of a viscous contribution pv and an isentropic contribution p*:
where 21 /1f-1 P* P (4 0 Substituting equations (6), (7), and (9) in equations (1) and (2) Equations (10) and (11), are to be iteratively solved: equation (10) with a 3-D relaxation method for elliptic equations, following which the parabolized version of equation (11) (2) Employing the current pressure field, march a parabolized version of equation (11) down the duct, simultaneously storing the right-hand side of equation (10). (See also eq. (17)). baick continuity requirements with an iteration which is similar to that previously outlined. It is .expected that this slow convergence stems from a incomplete satisfaction of the continuity equation which could, for example, be solved after the momentum march terminates in some, form such as
This is in contrast to the usual parabolized marching methods, for which' both mass and velocity variables are updated at each marching step.
Physically, in ordgr to maintain continuity in a channel, flow # the mass flaw rate: (14) to write equation (12) in the form
The function g is determined by iterating the numerical counterpart of the parabolized eq.a cion (11) At each fixed marching step until numerical balance of mass flow rate is achieved. This is accomplished through gradual changes in streamwise velocity, pressure, and density effected by the equa-
with o a rel axation parameter. Aside from the benefit of an instanteous balance in mass flow rate, another merit of this device is that fewer global iterations are required in the relaxation solution of equation ( 15), as it
Is now more nearly satisfied at the outset.
However, this approach. was found defective, in theory as well as in fact. The solving of equation (15) OPn ,k * k n + rl n + n n (21) ai Pkxn(g xz y ^yz ? ZZ)
The quantity g is determined through equation (16) 
TtarotIva repetition of downstream sweeps is used to converge the field$ with it relaxation parameter employed to apaed cottvarganoo-P A second-order itoeurato ) implicit linear multistep method is used on
equation (11) to march in the stepwise dirtetion. Ilia implicit equations are iteratively solved using a checkerboard auccosstvo overralaxation scliame ) with mass balancing built in an previously described. Stronmwise derivatives are backward Ufforatteed second-order accurata t while derivativas in the (tronaversa) croam-plana are approximated second-order using
is used to initially estimate a velocity 'variable in plane i. 'Ma chockerboard method is then employed on the differaucad counterpart of equation (11) to update viriablos in pla:na i in two cyclasa with values updatad an cycle I fad into the suc-coading, cycle. This -two-cycle update process is itQrated $ amploying Qquations (16) and (19) to (21) to alter the flow speed ao4 prosoure gradients until; a bitlanco in mass flow is achieved.
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DEVELOPING FLOW IN A STRAIGHT DUCT
The revised method of Dodge ties been employed to develop a finite-difference numerical model for three-dimensional viscous flows in confined regions, For boundary .layer resolution, the capabij#y to allow individual I coordinate stretching in each coordinate direction ties been incorporated.
The method so developed has been programmed using the SLI vector language for the Oybor 203 array processor, and appears debugged. The 32-bit halfword option of SLX has been employed in programming the zebra relaxation algorithm for solving equation (17), while 64-bit full-word arithmetic is used in programming the checkerboard matching algorithm. The program line been tested by application to the problem of computing the steady developing flow in a straight duct (sea fig. 1 ). Boundary conditions for the problem are now given.
Boundary Conditions
Inflow: T w T o -1 U 2 specified velocity profiles, too -11(y,z),
Duct walls: velocity no slip, ^ n w 0 0 T w T w x P " PW Outflow: P v extrapolated, ^ -gy m l S M extrapolated Artificial barriers , The computational domain is taken to be one quarter of the total, duct cross section, and symmetry 'conditions are applied at the two resulting (nonwall) artificial barriers.
Here the normal velocity component vanishes together with normal derivatives of + and the other velocity variables. The variables P and T, of course, depend on ^ and velocity at these boundaries. However, for constant total temperature, vanishing normal derivative In T) p is the natural boundary condition.
COMPUTATIONAL RESULTS
Introduction
An assessment of approximation error inherent in numerical solutions of In additon to cases previously recorded, a convergent numerical solut tion for Re -1,000 flow in a duct of length X. -6 has been achieved.
However, for satisfactory calculations at high Reynolds numbers, or for longer ducts, a more powerful adaptive grid capability than is to be afforded by simple stretchings in individual coordinates appears necessary. In duct flow the driving mechanism is streamwise boundary-layer growth and concomitant flow acceleration in the core, with the induced crossflow strongest away from the walls. Hence, as the flow develops near-wall gradients decrease, or spread in extent, while core gradients grow. 1'or high
L1
Reynolds numbers the result is that a grid system with a simple stretching mechanism set to capture entry region boundary layers is likely to become insufficient for resolving the more complex global patterns which emerge as the flow develops. Since boundary-layer thickness is thought to grow proportional to (x/Re) 1/2 , it appears that the ideal grid should adaptively relax near-wall clustering in some such fashion.
The revision of Dodge's method reported herein as regards mass balancing is new, although classical in its physical origins and used previously with many other computational schemes. For flow in a straight duct it appears to be highly useful. However, that original intent of this investigation of Dodge's method was to discover its possible utility as a tool for solving the slotted wind-tunnel problem, where it was felt that the upstream influence permitted by the elliptic velocity potential equation would be highly desirable. This could well be so, were the method found workable 
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